Context. The red-tailed phascogale once occurred widely across semi-arid and arid Australia, but is 9 now confined to the southern wheatbelt of Western Australia. Its apparently extensive former 10 range suggests a broad habitat tolerance, yet it is now reported primarily from remnant vegetation 11 within farmland containing wandoo Eucalyptus wandoo and rock sheoak Allocasuarina huegeliana 12 associations. 13
Introduction

43
Loss of habitat and increasing isolation of remaining habitat patches are key forces affecting the fate 44 of fauna worldwide (Diamond 1989; Andrén 1994; Fischer and Lindenmayer 2007) . With fauna 45 confined to ever smaller habitat patches, stochastic influences become more important (Lande 46 1998), and this may be particularly so for species such as the red-tailed phascogale Phascogale 47 Kitchener et al. (1980) surveyed 23 wheatbelt reserves for mammals in the 1970s, recording 66 phascogale in just four. From these distributional data for phascogale, Kitchener (1983) suggested 67 that the species was confined to reserves that exceeded 450 hectares in area and that fragmentation 68 of habitat was a key threat. Other factors deemed significant were a requirement for a climax 69 vegetation of long-unburnt habitat and the presence of poison plants Gastrolobium spp. to protect 70 remnants from the direct and indirect effects of grazing by stock (Kitchener 1983) and to limit the 71 number of foxes by secondary poisoning (Bradley et al. 2008) . 72 We trapped for phascogale in remnants of native vegetation in the south-western portion of 73 its current range. This is an area of about 16,000 km 2 (110 x 150 km) utilised for cereal growing and how this varies with tree girth, and whether the size distribution of trees of these 88 species differs between sites with and without phascogale. 89
Methods
90
Trapping of phascogale 91
We trapped for phascogale over four seasons, commencing in late 2005 and continuing to early 92 2009. Our focus for trapping was primarily on (i) larger remnants that were not part of the 93 Department of Environment and Conservation estate, but were in private ownership or vacant or 94 other Crown land; or (ii) smaller remnants that were strategically located as stepping stones or wereinterconnected if > 3 trees had branches that extended to within 1 m or less of another); the 131 presence of poison bush (Gastrolobium spp.); the amount of fallen logs and branches measured on a 132 scale of 1-5 (1 = few or none, 5 = many, including hollowed logs); and a general indication of time 133 since last fire based on a search for fire scars on trees and charcoal on stumps or fallen timber (a 134 categorical variable scored as signs of recent fire, signs of fire in distant past, or no signs of fire 135 evident) . 136
In addition to these measures, the distance to, and the species of, the nearest hollow-bearing 137 tree were recorded for each assessment site, because many sites had dense stands of rock sheoak, 138 swamp sheoak, or less frequently, of jam Acacia acuminata, so that hollow-bearing eucalypts at the 139 site were often not picked up by the method above. An area with a diameter of c. 75 m around each 140 site was searched and if no hollow-bearing trees were detected the distance to the nearest hollow-141 bearing tree was arbitrarily scored as 150 m, twice the distance searched. The mean value for each 142 site was converted into a value for hollows per hectare by taking the reciprocal of the area of a circle 143 with radius equal to the mean distance to hollows in metres divided by 10,000. 144
Data analysis 145
Habitat attributes for sites with and without phascogale were compared using a χ 2 analysis to assess 146 frequencies of categorical variables and either a one factor ANOVA or a general linear model (with 147 presence/absence of phascogale as a fixed factor and site as a random factor nested within 148 phascogale presence/absence) for continuous variables. A variance test was performed to assess 149 homogeneity of variance. Variables were transformed (log 10 ) if they were not normally distributed 150 and to improve homoscedasity. Proportions (percentages) were transformed using the arcsine 151 transformation before analysis. Multiple logistic regression was performed using multiple variables 152 to determine an equation of best fit and to assess the success of classifying sites into two classes 153 based on whether or not phascogale were trapped. The presence/absence of hollows in trees of 154 different sizes and species was modelled using binary logistic regression (logit link function). 155
Results
156
Trapping of phascogale 157
We trapped 84 remnants for phascogale over four trapping seasons between 2005 and 2009 (Table  158 1). All sites were in the southern wheatbelt in an area that extended about 150 kilometres in an 159 east-west direction from the forest margin near Darkan to Nyabing and 110 kilometres north-south 160 from Narrogin to Katanning and Kojunup (Figure 1) 
Habitat assessment 176
All remnants trapped, as well as those trapped by others or where there was a positive sighting by 177 the authors, were assessed for habitat. Thus 106 remnants were assessed for habitat attributes. 178
Phascogale were detected in 65 of the 106 remnants (61.3%). 179
Tenure 180
The proportion of sites in which phascogale were present was similar across all tenure types (Table  181 2). There was no significant association between tenure and presence of phascogale (χ 2 2 = 0.459; P = 182 0.795). 183
Tenure area 184
The median size of tenure areas (area defined by single tenure) in which phascogale were trapped 185 was somewhat smaller than the median of those that were trapped, but where no phascogale were 186 caught (Table 3) . However, the difference in log 10 of areas was not significant (F 1, 104 = 3.24; P = 187 0.075). 188
Contiguous area 189
The median size of contiguous vegetation area, regardless of tenure, in which phascogale were 190 trapped was somewhat smaller than the median of those that were trapped but where no 191 phascogale were caught (Table 3) . However, the difference in log 10 areas was not significant ( 
Position in landscape 214
Phascogale were present in upland sites (sites dominated by wandoo and rock sheoak), lowland sites 215 (typically saline sites such as river flats or lake fringes often with York gum and/or swamp sheoak or 216 swamp sheoak and stags), and sites that had a mixture of both. Phascogale were present in 59% of 217 upland sites, 67% of lowland sites, and 60% of mixed sites (Table 4) 
Vegetation types 222
We looked for a relationship between vegetation association and presence/absence of phascogale 223 (Table 5) . We lumped like associations to ensure no more than one expected value was less than 5 224 in the χassociations are increasingly prominent to the east (mallee shrublands and woodlands with salmon 227 gum and mallet) and west (woodland and/or forest of marri and jarrah) of these core habitats. 228
There was a strong link between vegetation association and the presence or absence of phascogale 229 (χ 2 3 = 29.00; P < 0.001). 230
Red-tailed phascogale occupied a range of vegetation types associated with both upland and 231 lowland parts of the landscape. They occurred most reliably in sites along major watercourses such 232 as the Arthur River and the margins of the Wagin Lakes, here classified as 'succulent steppe'. 233
Riverine locations, in particular, are now widely salt-affected. These areas often had a mid-storey of 234 swamp sheoak in association with York gum and some wandoo (both often largely present as stags 235 following tree death due to rising water tables). York gum, wandoo, and flooded gum E. rudis are 236 present around lake margins. Phascogale were common also at upland sites with hollow-bearing 237 trees, particularly wandoo. They were typically absent from vegetation associations dominated by 238 eucalypt species with few or no hollows such as mallee e.g. E. eremophila, mallet e.g. E. astringens, 239 flat-topped yate E. occidentalis and jarrah E. marginata, or in shrublands without ready access to 240 hollows. 241
Tree species 242
In total, 2,262 trees were measured in the vicinity of trap lines (Table 6 ). The most commonly 243 sampled trees were rock sheoak (850), wandoo (392) and jam (180). Rock sheoak, jam and swamp 244 sheoak are mid-canopy species while wandoo, York gum, salmon gum E. salmonophloia, and red 245 morrel E. longicornis are emergent or upper canopy trees. Mallee (Sand Mallee E. eremophila and 246 other E. spp.) occured in woodland or shrubland as a sparse, semi-continuous or continuous canopy 247 at mid-height so was structurally more similar to the mid-canopy species than the other eucalypts. 248
Stags, almost invariably of eucalypts, had the highest incidence of hollows, followed by larger 249 eucalypts, such as wandoo, York gum and salmon gum (Table 6 ). Some eucalypts had few or no 250 recorded hollows including mallee, jarrah and flat-topped yate. Mid-storey trees, such as rock 251 sheoak, swamp sheoak, jam and Melaleuca spp., also had few or no recorded hollows. Grass trees 252 (Xanthorrhoea preissii) occasionally had hollow stems that provided potential nesting sites for 253 phascogale, but were not particularly common in sites that we sampled. Consistent with the high 254 number of hollows in stags of indeterminate species was the high numbers of hollows recorded in 255 dead eucalypts for which a species was assigned. For example, 34% of live trees of wandoo had 256 recorded hollows compared with 82% of dead wandoo (a significant difference: χ 2 1 = 16.24, p = 257 0.00).
The incidence of visible hollows as a function of size of tree is plotted in Figure 2 . The 259 probability of presence of hollows increased with tree size. The 221 eucalypts that had hollows were 260 significantly larger (had a significantly greater diameter breast height (DBH)) than the 790 eucalypts 261 that had no detected hollows (mean of 148 cm cf. 76 cm, F 1, 737 = 177.60, P < 0.001). Most stags 262 were likely to have been either wandoo or York gum, the two eucalypt species most recorded in 263 habitat assessments. The independent variable (DBH measured in centimetres) had a significant 264 effect on the probability of a tree having hollows for wandoo (P <0.001), York Gum (P <0.001), and 265 salmon gum (P = 0.001), but not for stags (P = 0.159) or red morrel (P = 0.151). Stags had an overall 266 probability of 0.72 for the presence of hollows; red morrel had an overall probability of 0.10 (Table  267 6). 268
There was no significant association between tree size (DBH cm) and the presence or absence 269 of phascogale for the three commonest eucalypt species (wandoo: χ Distance to the nearest detected hollow-bearing tree did not show a significant difference between 277 sites with and without phascogale (F 1, 104 = 1.84, P = 0.178). Distance to the nearest hollow-bearing 278 tree for sites with phascogale averaged 37 m; distance to nearest hollow-bearing tree for sites 279 without phascogale was 44 m. Estimated density of hollow-bearing trees varied between zero and 280 260 per hectare, but did not differ significantly between sites with and without phascogale. 281
However, six of the 41 sites without phascogale had no recorded hollow-bearing trees and a 282 further four had a mean distance to hollow-bearing trees of ≥ 75 m (Table 7) . In contrast, all sites 283 with phascogale had at least some recorded hollow-bearing trees, and only five of 65 had a mean 284 distance to hollow-bearing trees of ≥ 75 m. The difference was significant (χ 2 1 = 5.77; P = 0.016). 285
Sites with mean distance of ≥ 75 m to nearest hollow-bearing tree were either in habitats with 286 eucalypts that typically have few recorded hollows (such as mallee or mallet) or were in sites that 287 appeared to have been cleared in the distant past and where regrowing eucalypts were either 288 absent or too small to support hollows. 289
In general, a substantial number of sites without phascogale had some evidence of the 290 presence of hollows. Hence, absence of hollows could not be invoked as the key cause of absence ofphascogale in these cases. Yet, sites without phascogale were more likely to have fewer or more 292 distant hollows or be largely without hollows. 293
Canopy density 294
Measures of canopy density indicated a significantly thicker canopy at sites where phascogale were 295 detected compared with sites where they were not. Canopy densities, as assessed by densiometer, 296 averaged 62.4% at sites with phascogale and 52.0% at sites where no phascogale were caught. 297
There was a significant difference between sites with and without phascogale (F 1, 104 = 10.74, P = 298 0.001). The subjective estimate of whether the canopy was interconnected (based on > 3 trees with 299 apparently linked canopy) also showed a significant difference between sites with and without 300 phascogale (F 1, 104 = 8.47, P = 0.004). Sites with phascogale had an average score of 0.70 (70% of sites 301 had > 3 trees with linked canopy at assessment sites) versus those without which had a mean score 302 of 0.55. 303
Stem density 304
Phascogale occupied sites with a wide range of stem densities from very sparse -typically scattered 305 old-growth wandoo without mid-storey (400 stems/hectare) to very dense (typically dense regrowth 306 of rock sheoak or swamp sheoak at > 10,000 stems/hectare). There was no significant difference in 307 log 10 of stem density between occupied and unoccupied sites (F 1, 104 = 0.18, P = 0.676). Occupied 308 plots averaged 3,700 stems per hectare; unoccupied sites averaged 3,200. 309
Fallen timber index 310
There was no significant difference in the index of fallen timber between sites with and without 311 phascogale (F 1, 104 = 0.00, P = 0.958). Sites with phascogale had an average index of 2.21 versus sites 312 without phascogale with an average index of 2.23. 313
Access by stock 314
Stock did not have access to the majority of sites surveyed. DEC reserves, unallocated Crown Land, 315
other Crown reserves and shire reserves were ungrazed. In addition, the majority of private sites 316 were fenced and stock were entirely excluded from 25 of 45 such sites. Hence, stock were excluded 317 from about 78% of sites assessed (Table 8) . Phascogale were present on 61% of grazed sites. There 318 was no significant association between presence of stock and presence of phascogale (χ 
Poison plants 321
Poison plants (Gastrolobium spp.) were recorded at 37 of 106 sites surveyed ( There was no evidence of any association between fire history and the presence or absence of 329 phascogale (χ 2 2 = 1.008; P = 0.604). In this analysis (Table 10) species recorded in south-west woodlands, including wandoo woodlands (Liddelow et al. 2002) . A 416 dense, cluttered, and interconnected canopy is likely to provide some protection to phascogale 417 while foraging at night. Further to the east, beyond our study area, the species has been observed 418 to occupy scrub habitat dominated by tammar bush Allocasuarina campestris to about 2 m (Kitchener and Chapman 1977) . This has a similar dense canopy structure, albeit at a lower height. 420 A dense canopy, as well as providing greater protection from avian predators, is likely also to provide 421 more sites for insects to shelter and consequently a greater density of potential food for phascogale. Salmon Gum also had a relatively high incidence of hollows (> 40% with a DBH > 100 cm), but 473 because of their height and size appeared to be rarely used by phascogale. Red-tailed phascogale 474 were observed to have difficulty climbing large-boled, smooth-barked and upright trees (J. Short and 475 A. Hide, pers. obs.) and generally sought other pathways into the canopy if available. This is 476 consistent with observations by Soderquist et al. (1996) who suggested that brush-tailed phascogale 477
had an aversion to smooth-barked eucalypts as they had difficulty climbing them. 478
Non-eucalypts, including rock sheoak and swamp sheoak, had few or no hollows. This is 479 consistent with the observations of Bennett et al. (1994) who found that hollows suitable for fauna 480 rarely formed in smaller species that did not exceed 30 cm DBH. Bradley (1997) during periods of maximum activity and movement prior to the breeding season. We would suggest 492 that this links to the higher risk of predation from avian and cursorial predators and is tied to canopy 493 density -a significant factor in our comparison of occupied and unoccupied sites. 494
Our index of fallen timber showed no significant difference between occupied and unoccupied 495
sites. This may be in part because overstorey trees, the chief source of fallen logs and branches, 496
were typically widely spaced and scarce at many sites relative to mid-storey species. Hence our 497 localised sampling based on the closest trees of any species to a random point would miss localised 498 concentrations of fallen logs and branches centred on overstorey trees. Red-tailed phascogale do a 499 considerable amount of their foraging on the ground (L. Rakai and A. Hide, unpublished data). 500
Hence ground cover of fallen logs might be expected to be a key habitat component for them. 501
Mature wandoo communities have an abundance of hollow logs and limbs that provide numerous 502 rest sites (Kitchener 1983 ). Kitchener (1981) reported released animals being tracked to the hollows 503 of fallen logs. 504
Our survey results indicate that phascogale are found widely across the study region and not 505 confined to the few remaining reserves with substantial understorey of poisonous Gastrolobium 506 shrubs. The presence of poison plants of the genus Gastrolobium in the understorey has long been 507 considered a key factor in the persistence of phascogale in the southern wheatbelt (Kitchener 1981) , 508
and it is considered that their presence played a role in excluding stock from reserves (Lloyd 1998) . 509
The wandoo alliance has abundant poison plants Gastrolobium spp. (Leake 1962; Kitchener 1981) The potential loss of lowland habitat to salinity over time is likely to have a major detrimental 548 impact on this species, reducing the area available to it and the quality of connections across the 549 landscape. Hence, the likely long-term prognosis for red-tailed phascogale in this core area of its 550 surviving range is likely to be significant decline. 
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